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°R Specific Heat, Btu/lb— °R (Reference 11)

160 0.075
810 0.330

Conductivity (thickness directiópj, Btu/hr-ft -~ H (estimated )

160 0.13
540 0.59
810 0.70 

-

Conductivity (in the plane of layup), Btu/hr-ft-° H

~Reference 11)
160 6.5
760 29 .0

Epon 934 Adhesive (Reference 12)

Density, 91. 7 lb/ft3 
-

Specific Heat, 0.315 Btu/lb— °R

Thermal Conductivity , 0. 266 Btu/hr~ft~~R

Aluminum (Reference 13)

Density , 173 lb/ft
3

specific Heat - Btu/lb— ° R

500 0.20
1000 0.24

‘H The rmal Conductivity - Btu/hr- ft- ° B

500 67
1000 106

2 . 2 .4 .5 Analysis Results.

Stati on 42

a Predicted temperatu res are plotted versus flight time in Figu re 2.2.4-3.  The maximum
predicted temperatu re of the graphite/epoxy Is 2600 F , and the maximum Epon 934
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predicted temperature is 400° -F. The plot of the maximum Epon 034 temperatu re
corresponds to the heat shield inner surface temperatur e. The graphite/epc~ y starting
temperature of 1000 F corresponds to the Reference 8 data.

Graphite/epoxy temperatu res predicted for a condition having no adhesive are shown
i-i Figure 2 .2 . 4-4 . It can be seen that the maximum. predicted graphite/epoxy tempe ra-
ture would increase to 400° F.

Station 32 Ring_Area

Predicted temperatures are plotted versus flight time in Figure 2.2. 4- 5. The maximum
predicted temperatu res are 400° F on the 0.040 —inch thick adhesive , 250° F on the
graphite/epoxy, 1440 F on the 0.013-inch adhesive, and 122° F on the aluminum ring.
The graphite/epoxy starting temperature of 100° F corresponds to the Reference 8 data.
The ring starting temperature was assumed to be 80° F .

Without the 0. 040—inch layer of adhesive, the maximum predicted graphite/epoxy
temperature would increase to 400° F (Figure 2 .2. 4-6), and the maximum ring tempera-
ture would increase to 149° F.

Substituting berylliu m in place of the aluminum ring would reduce the maximum ring
temperature by 10° F for the two cases considered in this analysis with and without
adhesive.

It should be noted again that substituting graphite/epoxy for an aluminum midbay
structure would cause somewhat higher temperatures to exist on the heat shield inner
surface as well as on the graphite/epoxy structure.

2 .2 .5  MA SS PROPERTIES. Table 2 .2 .5— 1 compares the weight and balance of the
conceptual desi gn(s) of the midbay substructure with the reference all—aluminum
design . The preliminary design utilizing T300/5208 weighs 14. 54 pounds , a 3.47
pound reduction from the reference desi gn. The longitudina l center of gravity is at
Station 45.50.

Table 2.2.  5-2 is a material matrix , showing the type and weight distribution of the
various materials used in the preliminary design of the composite midbay substructure.
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SECTION 3

SPECIMEN AND SUBCOMPONENT TESTING

3.1 INTRODU C TION -

Section 3 describes test panel/subcomponent configurations and test methods used to
acquire thta in support of the conceptua l design phase. The fiber/resin systems
studied are identified and test results are tabulated.

3.2 SPECIMEN CONFIGURATIONS 
-

A groundrule of the conceptual design study was that no testing would be performed
on graphite/epoxy systems because of the extensive data already available. In the
case of graphite/polyimide systems, Conv air selected four tests to screen the candi-
date composite systems and obtain preliminary design data. These tests were longi—
tudinai tension , longitudinal compression , in—p lane shear , and interlaminar tension.
Panel cure and post cure cycles were generally those recommended by the material
suppliers , and a summary of those cycles are given in Appendix D .

Longitudinal tension tests were run on :0:8 laminates . The specimens were straight—
sided , 8.0 to 9.0 inches long, 0.5 inch wide , and had bonded doublers . Doublers 

-were 2 .5 inches long with 0.5—inch tapered section. Doubler material was fiberglass!
epoxy for the RT and 350F specimens and perforated , annealed 6A1—4V titanium alloy
for the 600F specimens. The RT test specimens were made using Hysol’s EA9309 or
EA934 adhesives for doubler bonding. American Cyanamid’s HT—424 adhesive was
used for doubler bonding on the 350F and 600F test specimens. The EA9309 and
EA934 were cured for approximately 24 hours at RT followed by a one hour cure at
150F . The HT~~ 24 was cured for one hour at 350F. The RT curing adhesives were
bonded using contact pressure , and the HT—424 was cured using either vacuum hag
pressure or vacuum bag plus 50 psig pressure. Strain gages were used to obtain
load versus strain data , which in turn was used for modulus and Poisson ’s ratio
calculations.

Longitudinal compression tests were run on :o 94 laminates. The specimens w’ere
straight—sided , 5.5 inches long, 0.25 inch wide’, and had bonded doublers . The
total allowable thickness in the doubler area to allow conformance to the Celanese

- - , test fixture is 0.160 to 0.175 inches. The doublers were 2.5 inches long, leaving
a 0.5 inch test section . Doublers for the RT and 350F specimens were made of
quartz/polyimide , while these for the 600F specimens were made of perforated ,
annealed 6Al~~V titanium alloy . Adhesives and adhesive bonding cycles were
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identical to those used in preparation of the tensile specimens . Strain gages were
used to obtain load versus strain data , which in turn was used for modulus and
Poisson ’s ratio calculations .

In—plane shear was determined by the testing of :~~ 5T 25 laminates in tension. The
specimens were 8.0 inches long by 1.0 inch wide , and had bonded doublers which
were 2 .5 inches long with a 0.5 inch tapered section. Doubler material and adhesives
for doubler bonding were identical to that used for the longitudinal tension specimens .
Strain gages were used to obtain load versus strain data. Shear strength and modu-
lus values were calculated from the tension data .

late rlaminar tension specimens were prepared by machining 0. 75 inch discs from
laminates. The discs were bonded between 0. 75 inch threaded steel rods .

Hysol’s EA9309 was used for bonding the RT specimens , and HT—424 was used for
the 350F and 650F specimens . Adhesive cure cycles were identical to those pre-
viously described for the longitudinal tension specimens. The pressure for the -t

HT—4 24 bonds was 25 psig.

Resin contents and specific gravity measurements were made on each test panel.
Fiber volume was calculated for each panel using the resin content and specific
gravity measurements as well as theoretical or reported specific gravities for basic
resins and fibers . Resin contents were obtained by the standard acid digestion
method using a combination of sulfuric acid and hydrogen peroxide . Specific gravity
was measured per ASTM D 792 . Pieces of the crossplied panels were mounted,
polished , and photographed to document microstructure .

3.3 SPECIMEN TESTING

All testing was conducted at a head travel rate of 0.05 in./min. The 350F and GOOF
specimens were heated as rapidly as possible and held for one minute at temperature
prior to testing . An Instron test machine or equivalent was used for all testing. A
Missimer ’s high temperature chamber was used for the heating of the specimens .
The chamber was stabilized at the test temperature prior to the rapid insertion of
the specimen into the test grips . It took about 3 to 4 minutes for the longitudinal
tension , interlaminar tension , and in—plane shear specimens to get to 350F and
about 5 to 6 minutes to get to GOOF. Compression specimens use the very massive
Celanese fixture , and these took about one minute longer to get to the respective
temperatures. An automatic strain recording system , B&F Instruments Model 161
Minisvste m, was used to measure and record the output from strain gages .

Tab le :3 .3— 1 summarizes the test program for the five graphite reinforced addition
polyimides. The program was designed to measure panel—to—p anel variation , and
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therefore , two separate laminates prepared and cured at different times were used
for machining the mechanical property test specimens . Only one panel of HM—S/4397
was evaluated because of repeated problems with the cure and postcure of this
system and becaus e of the poor high temperature test results obtainedwith the
material. Three specimens were machined from each panel for each test tempera-
ture . Results are summarized in Tables 3.3—2 to 3. 3—4. individual test results are
given in Appendix E.

In general , the tensile test data reflects what might be expected out of curre nt
graphite reinforced epoxies , and the fact that the data was obtained on graphite
reinforced polyimides is very encouraging. There was good translation of fiber
modulus properties into composite modulus values for all the systems. The tensile
strength data for T—300!F— 178 is not as high as one would expect , and this could
be a result of residual stresses resulting from the high temperature cure and post—
cure coupled with shrinkage stresses . The loss of strength for HM—S !4397 at GOOF
was expected , since the 4397 is an epoxy modified polyimide. The other systems
performed well for the short duration GOOF exposure . In compression , the poor
high—temperature resistance of the 439 7 was even more evident . In fact , at GOOF
the HM—S/4397 could not support any load. The compression and shear properties
are typical of graphite/epoxy systems. Interlaminar tension strength of the T—300
systems was bette r than that obtained with the HM— S and GY—7O systems. This is
true also with graphite/epoxy composites.

3.4 INTERL~MINAR TENSION AN D SHORT SEAM SHEAR SCREENING TESTS

8 It was determined that interiam.inar tension and short beam shear testing correlated
well with the data obtained from the impulsive loading screening program (reference
Sect. 2 . 2 .2 ) .  A brief screening program was therefore conducted on high strengt h
graphite reinforced resin matrix systems to determine parameters which influence
interlaminsr tension and short beam shear strengths . The parameters evaluated
~- ere fiber volume , cure temperature, fiber modulus , and form of reinforcement.

Crossplied laminates , :O/± 6O 25 , were used for all testing. The cure cycles are
included in those detailed in Appendix D. The short beam shear testim., utilized
standard 0.6 by 0.25—inch specimens. The span—to-depth ratio was kept constant
at 4 to 1. Loading head and supports were 1/16—inch radius rods. A head travel
rate of 0. 05 in. -‘m m .  was used. Three specimens from each la minate were tested.
Intertaminar tension specimens were prepared by bonding 0.75-inch diameter discs
of composite between bvo 0. 75—inch diameter threaded steel rods. The adhesive
used was Uvsol’ s EA9309 , and all hondinL utilized a RT cure. The specimens were
loaded in tension at a head tra~ el rate of 0.05 in. /min . , and threc specimens were
tested from each laminate.
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The test results are summarized in Table 3.4-1. Included also are specific gravity,
resin content and fiber volume determinations for each material. Reviewing the
data on the T—300/5208 , HM—S/934 , GY—70/934 , and T—300/F-17S , it is readily
apparent that the epoxy matrix is preferable to the polyimide and the T-300 performs
better than the HM-S which in turn is better than the GY-70. The fiber modu lus
appears to be more important than the resin matrix. An attempt was made to lower
the fiber volume in a second T—300/5208 panel, but there was no significant effect
from the rather small change in fiber volume. Another 350F curing epoxy resin ,
Fiberite 934, was evaluated in conjunction with the T—300 since it is not considered
quite as rigid a matrix. The T—300/934 showed some improvement over the T—300/
5208. A lower modulus fiber , Type AS , was evaluated by prepa ring the testing
specimens of A—s/350 1—5 (a 350F system obtained as a prepreg from Hercules , Inc . )
Extensive work on cure cycle optimization has been conducted at Convair for
several years with this latter system. The interlaminar tension and short beam
shear strengths weie markedly better with the A— S/ 350 1—5 than with any of the other
systems previously - .~valuated.

A 250F curing epoxy resin , Fiberite 948A , was evaluated in conj unction with two
graphite fibers , T—300 and HM-S. It had been theorized that lower curing tempera-
ture would result in lower residual stresses, and this in turn might lead to higher
interla minar tension and short beam shear strengths. The results, however , showed
poorer short beam shear strength but higher interlaminar tension strength than

~that obtained with the T—300/5208 .

Laminates were prepared with both 948A and 5208 matrices using woven T— 300 fabric.
Specimens tested from these la minates showed improvements in tension and shear
strengths over the same system made from unidirectiona l T-300 tape.

It is recommended that future impulsive loading evaluations concentrate on lower
modulus fibers (A —S and T—300 ) , more ductile resins (934 , etc.), and woven fabric
reinforcements. Woven fabrics of hybrid fibers may also be beneficial for some
programs , pa rticularly if the warp fibers can be high modu lus and the fill fibers
low modulus.

3 5  SUBCOMPONENT TESTING

The foUowing paragraphs document the results of the test plan described in Report
646— 0—7 6TD—0 09 under Contract DAAG-46—76-C-0073. A copy of this test plan i s
provided in A ppendix F . Unless otherwise specified, all testing was done at room
temperatUre . The fa ilures recorded include ultimate load , ultimate stress , and
the failure mode. All dimensions are in inches. All  bonding ~vas clone at room
temperature.
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3.5.1 L\P SHEAR TEST RESULTS. The lap shear tests were run as specified in
paragraph 4 of MK12A test plan (A ppendix F). The results of this test are shown in
Table 3. 5—1. In all cases the bond was composite to aluminum. Figure 3. 5— 1 and
3.5—2 illustrate the interaction between shear stress and bondline thichaess. It should
be noted tha t some of the specimens using EA934 adhesive used a glass scrim. On
these specimens the failure occurred at the scrim rather than at the bond. Single lap
tests without scrim were tested in order to obtain an appropriate knockdown factor.
Thi s data is also presented on Figure 3 .5—2 .

3. 5.2 SIMULATED RING TEST. The simula ted ring tests were r i n  as specified
in paiagraph 5 of the test plan (Appendix F). The results of this test were to be
used to determine the strength of the Station 32. 18 ring. An ultimate applied lo ad of
2116 lbs/in associated with a lateral acceleration of 190 G’ s was determined for
URNB threat at 18, 000 ft. A radius of 4.22 inches was used• The simulated ring
ultimate load was tested at 3, 130 lb/in or a M,5. = +0.48. The results are tabulated
in Fi gure 3• 5-3. It should be noted tha t all of the room temperature test s produced
failures in the honeycomb elastic foundation. The elevated temperature conditions
produce much lower loads as seen in Figure 3. 5— 3.

3.5.3 GORE CONCENTRATIO N TEST RESU LTS. The gore concentration test was
run as specified in the test plan (Ref. Appendix F). Due to length and width
of the material supplied, it is often necessary to splice the layers in the composite
section. The gore concentration tests were used to determine if an 0. 08 gap in dis-
continuity or an 0.20 overla p of the plies would be more beneficial. Figure 3. 5-4
show s the results of this test. The ana lysis used the 1. 71 stress concentration factor.

3.5 .4 LONGITUDINA L PLY TERMINATION STRESS CONCENTRATION. It max-
be necessary, due to load variance, to alter the layup within the shell. The purpose
of the longitudinal ply terminatica stress concentration test is to reveal the impact
of discontinuous layup in the shell. The longitudinal ply termination stress concentra-
tion test was run as specified in the test plan (Appendix F). The results of
this test are displayed in Fi gure 3. 5—5. The current configuration does not have thi s
desi~,n feature; however , the effect is seen to be small.

3 . 5. 5 FLEXURE AT DOUBLER TESTS. The midbody has discontinuous , cocured
doublers in the vici iiit-v of Station 40. There are significant flexure movements  which
are transmitted across these doublers. A series of flexure tests have been run to
evaluate stress concentration and peel effects at doubler termination. The results are
documented in Figure 3. 5-i3 . The strength reduction is seen to be less than that due
to ~oi-es. Since this concentration was judged to he independent of the gore concentra-
tion factor, it was not used .
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EA9309 Adhesive T300/5208 to Aluminum

~—0.50 Inch overlap double shear specimens
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A 
A
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- ______
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2000 —
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0 I 4
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Figure 3.5—1. Shear Strength Vs. Bond Thickness
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SHEAR STRENGTH VS. BOND THICKNESS

EA— 934 Adhesive T300/5230 to Aluminum

_________ — 0. 50 inch overlap double shear specimens with glass scrim cocured
with G/PI • _

— — — * —0.50  inch overlap single shear specimens without scrim

5000 -
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—•--•- \
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—‘C

1000 -

o 4 I
“ 4 
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Figure 3.5-2. Shear Strength Vs. Bond Thickness
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3.6 NUCLEAR VU LNEI~~BIUTV AND HA RDNESS TEST SPECIMENS

At completion of the MK 12A L-omposite midbay conceptual design study, the program
effo rt was expanded and directed towards the design and fabrication of flat specimens
- m d  ~ubco mponent elements , listed in Table 3.6—1 as as gro ups A , B , and C , for
nuclear vulnerability and hardness (NV&H) screening tests’by the Air Force W~ apo ns
Labo ratory (AFWL). Results of the impulsive loading tests on group A laminates
are described in refe rence 15. Results of tests on group B and C specimens were
unknown du ring preparation of this repo rt , but will be available in a fo rthco ming
repo rt fro m Ktech Corpo ration (Refe rence 16).

3. 6. 1 MATERJ.A L SYSTEMS. The group A material systems listed in Table 3. 6—1
were selected by General Dynamics Convair (GD/C) in conjunction with AMMRC/
AFML based on fiber/resin system analysis described in paragraph 2.2.2 and NV
ari d H design considera tions provided by Effects Technology, Inc. Laminates from
material system AS/3501 were included , though not identified in the group A listing.
The AS, 3501 specimens were provided from a GD/C IRAD program.

The material systems selected for group B and C specimens were T—300/5208 and
AS/3501 as a result of the screening tests (Reference 15 ) performed by the A FWL .
Table 3. 6-1 identifies each specimen in group A , B and C by part number (Reference
Fi~ure 3 . 6 — 1) .

3.6.2 SPECIMEN AND SUBCOMPONENT DESIGN. Initially all specimens/
subcomponent elements were to be layed up with plies and orientations under con-
sideration in the MK 12A composite substructure stu dy. However , only the initial
set of test specimens (group A) were fabricated to a ply and orientation representa-
tive of the proposed \LK12A composite substructure confi guration. By program
redirection the remainde r of the specimens , group B and C , we re fabricated with
ply(s) and orientation(s) as proposed in the Advanced Ballistic Reentry Vehicle
(ABRV) composite structure study unde r contract with AVCO Systems Division .
Plies and orientations are identified in Table 3.6—1.

The six 9” diameter x 9” long cylinder assembly configurations in group B represent
a matrix of confi gurations for suhcomponent element(s) of the .-\BRV substructure ,
with differences in material systems (i. e - ,  T-300/5208 and AS/350 1) and Ply/ ’
orientation layup for the cylinder shell. From the standpoint of XV and H, the
potentially critical bonded areas of the ABRV composite shell substru cture -joints
were identified as payload ring, equipment support ring , kick ring, breech lock
ring(s) and antenna mounting pad. The design of the cylinder assemblies incorporates
each of the areas identified above. Actual details of the subcomponent elements are
shown in Figure 3 .6—2 (Breach lock ring(s), part numbers 720)772-113 and —115
are not shown~.
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